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It has been discovered that there is a particularly simple relation between the half-thickness in aluminum and the upper energy limit, E, of the beta spectrum involved. This relation is shown graphically in Fig. 1 and is given by the following equation: J; (mg/cm') = 38X (El) , where E is the upper energy limit in Mev.
For other absorber materials the relation of Lerch' should be used. It is that the absorption half-thickness is inversely proportional to the expression 1+M/100, where M is the mean atomic weight of the absorbing material. The generality of the relation shown in Fig. 1 is considerable. It is to be noted, however, that the most highly forbidden spectra, those of Cl" and K, deviate somewhat.
It is important to this relation that the sample be placed close to the counter wall and in cylindrical shape with axis in common with that of the counter. It is under these conditions that the absorption curves are exponential and thus yield values of the half-thickness or absorption coefficient. The earlier methods of Feather and Bleuler and Zunti4 depend on the use of nonexponential absorption curves and the determination of the total range of the radiation. The rangeenergy relation is more complicated than Eq. (1) which uses the absorption coefficient or half-thickness under conditions of exponential absorption. The dependence of the shape of the absorption curves on the placement of the sample relative to the counter is caused by scattering of the beta radiation. The only additional assumption in this "particle mixture" theory is the nonidentity of 0' and its antiparticle. The relevant primary data on 23 measured V' events, found in a run of 1200 pictures, are listed in Table I .
We have considered various background eGects which could possibly simulate V' events:
(1) Production of meson pairs in the gas by neutrons or photons, the nuclear recoil track being too short to observe. However, the number of neutrons above meson production threshold energy at 68' was expected to be quite small. This was verified experimentally by the fact that no negative prongs (i.e. ,~m esons) were observed to emerge from 1218 neutron-induced stars in the gas.
(2) Decay of ma mesons, produced in the gas without recoil, into the alternate mode e+e y. This is ruled out kinematically for 16 of the events. The argument in (1) also applies.
(3) Production of large-angle electron pairs in the gas by photons.
(4) Bremsstrahlung or scattering of backward-moving particles with consequent large-angle deQections.
These possibilities lead to the prediction of thousands of smaller angle events and to the necessity for large Quxes of backward-moving particles. Neither of these is observed. These arguments will be detailed" in a more complete report. They lead to the conclusion that the events listed in Table I are indeed examples of the disintegration of a long-lived neutral particle. A preliminary analysis of the data yields some information on the properties of the new particle.
(1) All but three of the forty-six secondaries are determined to be lighter in mass than the E meson.
None can be protons. We have assumed that all are pions, muons, or electrons. The identification of several of the decay products as pions or electrons is indicated in the table.
(2) We have considered various three-body decay schemes, motivated by the observed charged E-meson modes. In Fig. 1 x+p, v', p+x vo, p+e m, and x+e x are almost coincident. These graphs emphasize .the conclusion that the resultant incoming velocity distribution is kinematically sensible only for primary masses near the E mass of 500 Mev. ' One may also infer that, for a E mass primary, mev secondaries are more frequent than xpv or, say, p, ex.
(3) All but two of the events are kinematically inconsistent with a A'-mass particle decaying into p, +e+E or e+e+E. ' (4) Figure 2 illustrates the detection sensitivity as a function of lifetime for a E-mass particle. Although the production cross section for E' mesons' has a large uncertainty, comparison with the observed yield serves to limit the lifetime to the range 10 ' sec)~)3X10 ' sec. The observed uniform distribution of events in the chamber, together with Fig. 1 pellicle stack exposed to a channel of negative particles from the Berkeley Bevatron, four unusual events of the following nature were found: an unstable particle originated in the emulsion from a small star which was produced by a neutral particle. The channel was at 90' to a target bombarded by 6-Bev protons and defined a momentum of 280 Mev/c.
Since the events were of an unusual nature, each one will be described separately. Event 1. -A &He4 hyperfragment originated from a star which also consisted of a m meson of 42&12 Mev, two short recoil tracks, and a proton of 16.6 Mev. The star was produced by a neutral particle. The hyperfragment decayed from rest into a m meson, a proton, and a He' recoil. The binding of the A' particle was found to be 1.8+0.6 Mev. ' A drawing is shown in A of Fig. 1 . Evert Z. -A negative E meson of 14 Mev was produced in a star which in addition had a low-energy electron and a nucleonic particle of 115 Mev. The E meson produced a star from rest consisting of a x meson, a hyperfragment which decayed nonmesonically, and nucleons. The nucleonic particle from the primary star left the stack and therefore the direction of its motion could not be established. However, the kinetic energy of this particle was not sufBcient to produce a E meson if it were an incident Z or ™h yperon; therefore we assume that it was an outgoing particle. This event is shown in J3of Fig. 1 It is very improbable that these four events were produced by fast neutrons since the ratio of these
